Oxidative cleavage of a 9-c/s xanthophyll probably represents the key regulatory step in abscisic acid (ABA) biosynthesis. A transposon tagged maize (Zea mays) mutant vp14, provided the original DNA sequence data needed to design a VP14 fusion protein capable of catalysing this reaction in vitro. A cDNA encoding a similar protein has now been isolated from a wilt-related tomato (Lycopersicon esculentum Mill.) library. The tomato cDNA and derived amino acid sequence have been compared to those of maize and of other enzymes catalysing broadly similar oxidative cleavage reactions. The results of Northern analysis in tomato indicated that mRNA levels of this vp14 homologue increased dramatically in response to water stress.
Two genes encoding ABA biosynthetic enzymes have been cloned by transposon tagging. The first to be isolated and characterized was zeaxanthin epoxidase (ZE) from Nicotiana plumbaginifolia (Marin et al., 1996) . The second was reported recently and encodes an enzyme capable of the specific oxidative cleavage of 9-c/s xanthophylls (Schwartz et al., 1997) ;
A programme of screening for ABA-deficient viviparous mutants in maize, resulted in the isolation of vp\4, a mutant not impaired in carotenoid/xanthophyll synthesis or at the C 15 level of the ABA biosynthetic pathway (Schwartz et al., 1997) . The mutant was, therefore, likely to be affected in the cleavage of the last C 40 precursor to form the first Ci 5 intermediate of ABA biosynthesis. Because this is widely thought to be the most important step in the regulation of the ABA pathway, the cloning of the vp\4 mutant represents a considerable breakthrough in understanding and controlling ABA accumulation.
The tomato has a number of well-known mutants of the ABA pathway (Taylor, 1991) and represents a good model system for work on the molecular biology of ABA biosynthesis. The DNA sequence of a full length cDNA clone of tomato ZE (accession number z83835) has previously been obtained and no significant effects of a drought treatment Total RNA samples were the same as those used in the drought experiment described by Thompson and Corlett (1995) . Briefly, tomato plants cv. Ailsa Craig were grown in pots in a glasshouse, and watered to their maximum soil water content (1000 g) at 17.00 h each day. On days 1 and 2 at 17.00 h, each pot was watered up to lOOOg (A, well-watered), 900 g (•, intermediate), or given no further water (•. unwatered). Fully expanded leaves were sampled at 08.00 h, 12.00 h and 16.00 h on days 1, 2 and 3. All samples were in triplicate except at 08.00 h on day 2 where only single samples were analysed. Total RNA was extracted and analysed by Northern blotting using a radiolabelled antisense RNA probe. mRNA data was quantified by Phosphorimager (Molecular Dynamics). Error bars represent standard error. NCE mRNA was detected in all samples, and had a basal level fluctuating around 20% of the maximum observed. A 3-fold increase in mean NCE mRNA was initially observed in the unwatered (•) plants at 16.00 h on day 2. mRNA for the drought and ABA responsive gene Ie25 also showed a large increase in unwatered plants at this time (Thompson and Corlett, 1995) . The 3-fold increase in NCE mRNA was maintained throughout day 3 in unwatered plants, a period during which the plants were visibly wilting. There was no increase in NCE mRNA in the intermediate (•) treatment, although mRNA increases for the drought and ABA responsive genes le20 and ni32l2 were previously seen in this treatment (Thompson and Corlett, 1995) . (Schwartz et al, 1997) , LSDot: hgnostilbene-ii,/3-dioxygenase isozyme i suburut from Pseudomonas paucunobilis, accession number jnO595 (Kamoda and Sabun, 1995) , LSD/3: lignostilbene-o,$-dioxygenase isozyme fi subumt from Pseudomonas paucunobilis, accession number JC4324 (Kamoda and Sabun, 1995) , hypl: cyanobactenum, Synechocystis sp PCC6803 hypothetical protein, accession number-s76206 ( Kaneko et al, 1996) , hyp2 cyanobactenum, Synechocystis sp PCC6803 hypothetical protein, accession number s76169 (Kaneko et al., 1996) , RPE65 a novel vertebrate retinal pigment epithelium-specific microsomal protein, accession number 111356 ( Hamcl el al., 1993) .
Conserved sequences were obtamed using the FASTA program (Pearson and Lipman, 1988) , or were identified from Schwartz et al. (1997) The conservation of these regions appears to span mammals, plants and bactena. No functions have yet been assigned to these conserved regions, however, LSDi, LSD/3 and the NCE proteins all have dioxygenase activity (Kamoda and Sabun, 1995, Schwartz et al., 1997) The tomato NCE cDNA was isolated by probing a tomato AZAP1I cDNA library with a PCR product amplified from tomato genomic DNA with pnmers designed from two of these conserved amino acid sequences: FDGDGM and MMHDFAI (underlined). The use of these regions to design the pnmcrs was initially recommended by DR McCarty, University of Florida, who kindly provided this information pnor to the VP14 database entry.
on ZE mRNA levels were reported (Burbidge et al., 1997) . A parallel approach has been adopted to investigate a tomato homologue of VP14.
The tomato cDNA appears to be full length having an ORF of 605 amino acids which is similar in length to the maize ORF of 604 amino acids from the putative start codon (maize: accession number u95953; tomato: accession number z97215). A total of four conserved regions between these plant amino acid sequences and various bacterial/mammalian sequences are shown in Table 1 .
Unlike the tomato ZE mRNA levels (Burbidge et al., 1997) , there was a substantial drought stress-induced rise in transcript level detected using the tomato homologue of VP14 as a probe (Fig. 1) . The apparent 3-fold increase in this message (termed NCE mRNA) occurred only in the unwatered plants and was maintained as the plants wilted (see Fig. 1 for details) . This up-regulation of gene expression is consistent with the proposed role of the cleavage enzyme as a key regulatory step in the pathway.
The tomato cDNA homologue of the maize VP14 sequence has been referred to as a neoxanthin cleavage enzyme (NCE). This is based on earlier evidence that (at least in tomato roots) the substrate normally cleaved by this enzyme is most likely to be 9'-c«-neoxanthin (Parry et al., 1992) . The,VP14 fusion protein was able to cleave 9-cis zeaxanthin, as well as 9-cis violaxanthin and 9'-cis neoxanthin in vitro (Schwartz et al., 1997) . The former is certainly not an ABA precursor, although either or both of the other two compounds could be. The substrate specificity of this cleavage enzyme in planta remains to be determined.
